« 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



,11) EP 0 835 936 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication 


(51) 


mtci e C12N 15/52, C12N 15/70, 




15.04.1998 Bulletin 1998/16 




C12N 1/21, C12N 9/00, 


(21) 


Application number 97307006.3 




C07K 16/40 A61K 38/53 




Acii/ oc/nn o-ioo 1 /^p 


(22) 


Date of filing 10.09.1997 




G01 N 33/68, A61 K 48/00 


(84) 


Designated Contracting States 


(72) 


Inventor Lawlor, E. J., 




AT BE CH DE DK ES F! FR GB GR IE IT LI LU MC 




SmithKline Beecham Pharmaceuticals 




NL PT SE 




Collegeville Pennsylvania 19426-0989 (US) 


(30) 


Priority 12.09.1996 GB 9619071 


(74) 


Representative: 








Conneii, Anihony Christopner et al 


(71) 


Applicants 




SmithKline Beecham pic 


• 


SMITHKLINE BEECHAM PLC 




Corporate Intellectual Property, 




Brentford, Middlesex TW8 9EP (GB) 




Two New Horizons Court 


• 


SMITHKLINE BEECHAM CORPORATION 




Brentford, Middlesex TW8 9EP (GB) 




Philadelphia Pennsylvania 19103 (US) 







(54) Arginyl tRNA synthase 

(57) The invention provides argS polypeptides and 
DNA (RNAi encoding argS polypeptides and methods 



for producing such polypeptides by recombinant tech- 
niques Also provided are methods for utilizing argS 
polypeptides to screen for antibacterial compounds 



< 

CD 
CO 
O) 

LO 
CO 
00 

O 

Q_ 
LU 



^ EP 0 835 936 A2 

Description 

RELATED APPLICATIONS 

This application claims benefit of GB application number 9619071.5, filed September 12. 1996. 
FIELD OF THE INVENTION 

This invention relates to newly identified polynucleotides and polypeptides, and their production and uses, as well 
w as their variants agonists and antagonists, and their uses. In particular in these and in other regards, the invention 
relates to novel polynucleotides and polypeptides of the argmyl tRNA synthetase family, hereinafter referred to as 
"argS" 

BACKGROUND OF THE INVENTION 

15 

The Streptococci make up a medically important genera of microbes known to cause several types of disease in 
humans including, for example, otitis media, conjunctivitis, pneumonia, bacteremia, meningitis, sinusitis, pleural em- 
pyema and endocarditis, and most particularly meningitis, such as for example infection of cerebrospinal fluid. Since 
its isolation more than 100 years ago, Streptococcus pneumoniae has been one of the more intensively studied mi- 

20 crobes For example, much of our early understanding that DNA is, in fact, the genetic material was predicated on the 
work of Griffith and of Avery, Macleod and McCarty using this microbe. Despite the vast amount of research with S. 
pneumoniae, many questions concerning the virulence of this microbe remain. It is particularly preferred to employ 
Streptococcal genes and gene products as targets for the development of antibiotics. 

The frequency of Streptococcus pneumoniae infections has risen dramatically in the past 20 years. This has been 

25 attributed to the emergence of multiply antibiotic resistant strains and an increasing population of people with weakened 
immune systems. It is no longer uncommon to isolate Streptococcus pneumoniae strains which are resistant to some 
or ail of the standard antibiotics. This has created a demand for both new anti-microbial agents and diagnostic tests 
for this organism. 

t-RNA synthetases have a primary role in protein synthesis according to the following scheme: 
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Enzyme +ATP + AA Enzyme. AA-AMP + PPi 
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Enzyme. AA-AMP + t-RNA <=> Enzyme + AMP + AA-t-RNA 



in which AA is an ammo acid. 

I nhibition of this process leads to a reduction in the levels of charged t-RNA and this triggers a cascade of responses 
known as the stringent response, the result of which is the induction of a state of dormancy in the organism. As such 
40 selective inhibitors of bacterial t-RNA synthetase have potential as antibacterial agents. One example of such is mupi- 
rocin which is a selective inhibitor of isoleucyl t-RNA synthetase. Other t-RNA synthetases are now being examined 
as possible anti-bacterial targets ; this process being greatly assisted by the isolation of the synthetase. 

Clearly there is a need for factors, such as the novel compounds of the invention, that have a present benefit of 
being useful to screen compounds for antibiotic activity. Such factors are also useful to determine their role in patho- 
45 genesis of infection, dysfunction and disease. There is also a need for identification and characterization of such factors 
and their antagonists and agonists which can play a role in preventing, ameliorating or correcting infections, dysfunc- 
tions or diseases. . . 
The polypeptides of the invention have amino acid sequence homology to a known Saccharomyces cerevisiae 

mitochondrial argmyl tRNA synthetase protein. 



SUMMARY OF THE INVENTION 



It is an object of the invention to provide polypeptides that have been identified as novel argS polypeptides by 
homology between the am.no acid sequence set out in Table 1 [SEQ ID NO: 2] and a known amino acid sequence or 
55 sequences of other proteins such as Saccharomyces cerevtsiae mitochondrial argmyl tRNA synthetase protein. 

It is a further object of the invention to provide polynucleotides that encode argS polypeptides, particularly poly- 
nucleotides that encode the polypeptide herein designated argS 

In a particularly preferred embodiment of the invention the polynucleotide comprises a region encoding argS 
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polypeptides compris-ng tne sequence set out in ;able 1 [SEQ ID NO 1 j wnich includes a full length gene, or a variant 
there of 

''■ another parto ^ ~ r 'y c r e'e rr ed G^.ccd:rcr: of tne -.nventicn the r e :s a rcvei argS protein from Streptococcus 
pneu nomae compns r o, tne amino aoc sequence of Tacie 1 ;S>EQ ID NC 1 2j. or a variant thereof 

ir accordance wtr ar ether aspect c' the invention there is prcviced hp isolated nucleic acid molecule encoding 
a mature polypeptide e<p r ess;c!c by the Streptococcus pneumoniae 01 00993 strain contained in the deposited strain. 

A fjrther aspect of tne nvention tne'e are provided isolated nucleic acid molecules encoding argS particularly 
Streptococcus pneumoniae argS. including mRNAs cDNAs. genomic DNAs Further embodiments of the invention 
induce biologically diagnostically prophylactically clinically or therapeutically useful variants thereof, and composi- 
tions comprising the same 

Ir -icccdance with anctner aspect of the invention there is provided the use of a polynucleotide of the invention 
for tnerapeutie or prophylactic purposes in particular genetic immunization Among the particularly preferred embod- 
iments o r the invention are naturally occurring allelic variants ot argS and polypeptides encoded thereby 

An ether aspect of the invention tnere are provided novel polypeptides of Streptococcus pneumoniae referred to 
herein as a'gS as well ah biologically diagnostically prophylactically. clinically or therapeutically useful variants thereof 
and compositions comprising the same 

Arena the particularly preferred embodiments of the invention are variants of argS polypeptide encoded by nat- 
urally occurring alleles of the argS gene 

Ir. a p.-rftMieu embodiment ot the invention there are provided methods for producing the aforementioned argS 
polypeptides 

In accordance with yet another aspect of the invention, there are provided inhibitors to such polypeptides, useful 
as antibacterial agents, including, for examiple. antibodies 

In accordance with certain preferred embodiments ot the invention there are prcvided products, compositions and 
methods for assessing argS expression, treating disease, for example, oMis media, conjunctivitis, pneumonia, bacter- 
emia menmgit.s. smusit,s ; p.eurai empyema and endocarditis, and most particularly meningitis, such as for example 
in'ecticn of cerebrospinal fluid, assaying genetic variation, and administering a argS polypeptide or polynucleotide to 
an organ. sm to raise an immunological response against a bacteria, especially a Streptococcus pneumoniae bacteria 

In accordance with certain preferred embodiments of this and other aspects of the invention there are provided 
polynucleotides that hybnoizo to argS polynucleotide sequences, particularly under stringent conditions 

in contain preferred embodiments of tne invention there are provided antibod es agamst argS polypeptides 

In other embodiments of the invention there are provided methods 'or identifying compounds which bind to or 
otherwise in:e r act with and inhibit or activate an activity of a polypopt.de or polynucleotide of the invention comprising: 
co:ntactm 0; a polypeptide or polynucleotide of the invention with a compound to be screened under conditions to permit 
binding to or otner interaction between the compound and the polypeptide or polynucleotide to assess the binding to 
or other interaction with the compound, such binding or interaction being associated with a second component capable 
C'* proving a detectable signal in response to the binding or interaction ot the polypeptide or polynucleotide with the 
compound anc determining whether the compound binds to or otherwise interacts with and activates or inhibits an 
a :ov'tv ot the c c vc eohde or oo'v^l m'erVdc by detecting the presence 01 ao^ence ot a signal generated from the binding 
or inter action ot tne compound with, the polypeptide or polynucleotide 

in accordance w;th y et another aspect c* the invention there are provided arqS agonists and antagonists, preferably 
tactenostat c or oaciencoidal agonists and antagonists 

In a further aspect of the invention there are provided compositions comprising a argS polynucleotide or a argS 
polypeptide for administration to a cell or tc a mu'ticellular organism 

Varcs changes ard modifications within the spirit and scope of the d sclosed invention will become readily ap- 
parent to ;nosc sk ; ied in the art from reading the following descriptions and 'rem reading the other parts of the present 
disclosure 

GLOSSARY 

Tne foTcwmg do* mt;cns are provided to facilitate understanding of certain terms used frequently herein 
"^cst cell" is a :e;S whicn has teen transformed or transfected or is capable of transformation or transfection by 
an exogenous polynucleotide sequence 

"iden'ity " as Known n the art is a r e'at onship between two or more polypeptide sequences or two or more poly- 
r ^uc cot de sequences as determined by comparing the sequences In the am "identity" also means the degree of 
sequence re ate dness between polypeptide or polynucleotide sequences as the case may be as determined by the 
match between strings C'f such sequences "Identity" and "similarity" can be r eadily calculated by known methods, 
including but net limited to those described in (Computational Molecular Biology. Lesk A M ed . Oxford University 
Press New York 1955 Biocomputing Informatics and Genome Projects. Smith, D W ed Academic Press. New 
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p„ M c, y a.a nab* , f,«n NCB^nd c e, ^« ^ by a poly „uc,eo«e na»,„g a nuc,ec«. 

r» 20694 Allsehul, s.. el al J Mo/. B»/ 215 4 ^ ' nuclec , ti d, sequence ol SEQ ID NO 1 il is intended 

» Sence nuclide sequence up ,o » C « ~^?~E2S2SZ ZZZZZXZ 

20 sequence. Ana.ogously by a P^"^ o, the polypeptide is 

40 regions comprising RNA or UNA or Dotn minm nnu uinm. mnlprules but more typically involve 

only a region of some of the molecules, une o described above that contain one or more 

«B«ssgasBs asM» >., 

modifications are well described in bas,c texts and ,n more de ailed monographs , a w iia modiflcatl on 
literature, and they are well known to those of skill in the art It will be appreciated that the same type 
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mav oe present in the same or varying degree at several sites in a given polypeptide Also a given polypeptide may 
contam many types of modifications Modifications can occur anywhere in a polypeptide including the peptide back- 
core the ammo ac a sice-cnam.s and the amine or carocxyi termini Modifications include for example acetylation. 
a:yiaticn ADF-nbosy:ation amidaticn icva'ent attachment of flavin covalent attachment of a heme moiety, covatent 
a'taenment o f a r -jce ctide o r r. j elect de derivative covaier! attachment of a lipid or lipid derivative, covalent attachment 
ot pnoscnctidyuncsitoi cross-hr King cycli/ation disulf ice bond formation, demethylation formation of covalent cross- 
links formation of cysteine formation of pyrog : utama:e formylation. gamma-carboxylation. glycosylalion, GPI anchor 
formation hydroxyiation lodination methylation my nstoylation oxidation proteolytic processing, phosphorylation, 
P r enylation racemization glycosylaticn. lipid attachment, sulfation gamma^arboxylation of glutamic acid residues, 
hydroxyiation and ADP-nbcsylation. selenoylation. sulfation transfer-RNA mediated addition of amino acids to pro- 
teins such as argmylation and ubicu !■ ination See for instance PROTEINS - STRUCTURE AND MOLECULAR 
PROPERTIES. 2nd Ed T E Creighton W H Freeman and Company. New York ( 1 993) and Wold. F.. Posttranslational 
Pro-em Modifications Perspectives and Prospects pgs 1 -12 in POSTTRANSLATIONAL COVALENT MODIFICATION 
OF PROTEINS. 3 C Johnson. Ed Academic Press. New York (1963); Seifter et al.. Meth. Enzymof. 182:626-646 
(1990) and Rattan et al Protein Synthesis Posttranslational Modifications and Aging. Ann N Y. Acad. Sci. 663: 48-62 
(1992) Polypeptides may be branched or cyclic with or without branching Cyclic, branched and branched circular 
polypeptides may result from pcst-translational natural processes and may be made by entirely synthetic methods, as 
well. 

"V?. r, ar!t(s)" ac the term- is used I mi ein. is a polynucleotide or polypeptide that differs from a reference polynucleotide 
or polypeptide respectively, but retains essential properties A typical variant of a polynucleotide differs in nucleotide 
sequence from another reference polynucleotide Changes in the nucleotide sequence of the variant may or may not 
alter the amino acid sequence of a polypeptide encoded by the reference polynucleotide Nucleotide changes may 
result in amino acid substitutions additions deletions, fusions and truncations in the polypeptide encoded by the ref- 
erence sequence, as discussed below A typical variant of a polypeptide differs in amino acid sequence from another, 
reference polypeptide Generally, differences are limited so that the sequences of the reference polypeptide and the 
variant are closely similar overall and in many regions, identical A variant and reference polypeptide may differ in 
ammo acid sequence by one or more substitutions, additions, deletions in any combination. A substituted or inserted 
ammo acid residue may or may net be one encoded by the genetic code A variant of a polynucleotide or polypeptide 
may be a naturally occurring such as an aileiic variant, or it may be a variant that is not known to occur naturally Non- 
nat^rally occurring variants of polynucleotides and polypeptides may be made by mutagenesis techniques, by direct 
synthesis and by other recombinant methods known to skilled artisans 

DESCRIPTION OF THE INVENTION 

Tne invention relates to novel argS polypeptides and polynucleotides as described in greater detail below. In par- 
ticular the invention relates to polypeptides and polynucleotides of a novel argS of Streptococcus pneumoniae, which 
is related by amino acid sequence homology to Saccharomyccs cerevisiae mitochondrial arginyt tRNA synthetase 
poly cep tide The invent ion relates oscoca^y to a m^ g the r.uclc ct.do and amino dCio sequences set out in Table 

1 [SEQ ID NO 1] and Table 1 [5EQ ID NO 2] respectively and to the argS nucleotide sequences of the DNA in the 
deposited strain and ammo acid sequences encoded thereby 
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TABLE 1 

irgS Polynucleotide and Polypeptide Sequences 



(A) Sequences 
NO:l] 



from Streptococcus pneumoniae argS polynucleot.de sequence [SEQ ID 

5.-1 ATGAATACAA AAGGATTGAT TGCTAGCGAA TTGGTTAGCA TCATTGATAG 

51 CATGGACCAA GAGGTAATTT TAAAGTTACT GGAAACCCCT AAAAACTCAG 

101 AAATGGGGGA CATCGCTTTC CCTGCTTTTT CTCTTGCCAA AGTCGAACGT 

151 AAAGCACCAC AAATGATTGC GGCTAAAC TG GC TGAAAAAA TGAACAGCCA 

201 AGCCTTTGAA AAAGTTGTCG CAACAGGACC TTACGTTAAC TTTTTCCTTG 

2 51 ATAAATCTGC CATTTCTGCT CAAGTATTGC AAGCTGTTAC CACTGAAAAA 

3 01 GAACACTATG CTGACCAAAA TATTGGTAAA CAAGAAAATG TTGTTATCGA 
3 51 CATGTCTAGT CCGAATATCG CTAAACCATT TTTTATTGGC CACCTGCGTT 
401 CAACTGTTAT CGGAGATAGC TTGTCACATA TTTTCCAAAA AATCGGTTAT 
451 CAAACGGTCA AGGTCAACCA TTTGGGAGAC TGGGGTAAAC AATTTGGGAT 
501 GTTGATTGTT GCCTACAAAA AATGGGGCGA CGAAGAAGCT GTAAAAGCTC 
551 ATCCAATCGA TGAACTCCTT AAACTCTATG TCCGCATCAA CGCTGAAGCT 
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601 GAAAATGACC CTAGCTTGGA TTANGAAGCG CGCGAATGGT TCCGTAAACT 

551 T G AAAA T GG A 3ATGAGGAAG CTCTCGCTOT TTGGCAAT 3G TTOCGCGATG 

701 AAAGTTTAGT GG AATTTAAC CGCCTTTACA ATGAATTGAA GGTTGAATTT 

751 GACAGCTATA ACGGAGAAGC CTTCTA7AAT GATAAGATGG ATGGAGTTGT 

801 AGAC ATTCTT TCTGAAAAAG GACTAGTTGT TGAATCAGAA GGTGCCCAAG 

851 TTGTCAATCT TGAGAAATAC GGAATTGAAC ATCCAGCTCT CATCAAGAAA 

901 TCTGATGGTG CAAC'IVlcrA TATCACACGT GACTTGGCTG CAGCCCTTTA 

951 CCGTAAAAAC GAATAGGAAT TTGCTAAATC TATCTATGTC GTTGGTCAAG 

IOC I" AACAATCTGC CCACTTTAAA CAGGTCAAAG CTGTCTTGCA AGAGATGGGC 

1051 TACGACTGGA GTGACGACAT TACTCAGGTT CCTTTTGGTT TGGTTACAAA 

1101 AGAAGGGAAG AAACTCTCTA CTCGTAAAGG G AATGTC A PC TTGCTAGAGC 

llbl CTACTGTTGC AGAGGCTGTT AGCCGTGCCA AGGTCCAAAT GGAGGCT AAA 

12 01 AATCCTGAAC TAGAAAAGAA AGAGGAAGTA GCACATGCTG TTGGGGTTGG 

12 51 AGCCATTAAA TTCTAPGACC 7CAAAACCGA CCGTAC AAAT GGATACGACT 

13 01 TCGACCTAGA GGCTATGGTA TCCTTCGAGG GTGAAACTGG ACCTTACGTT 

13 51 GAAPATGCCT ACGCTGGTAT CCAATCTATC TTACGCAAAG CCGATTTCAA 

14 01 AC G AG AAA C A GC TGGCAACT ATAGCTTGAA TGATACTGAA AGCTGGGAAA 
14 51 TCATTAAACT CATTCAAGAC TTCCCACGTA TTATCAACCG TGCGGCAGAT 
1501 AACTTTGAAC CTTCTATCAT TGCTAAATTT GC AATT AGO C TAGCTCAATC 
1551 CTTTAACAAA TACTATGCAC APACACGTAT CTTGGATGAA AGCCCAGAAC 
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1601 GCGACAGCCG TCTAGCCCTC AGCTACGCAA CCGCAGTCGT TCTCAAAGAA 
1S51 GCCCTTCGCT TGCTTGGAGT AGAAGCGCCA GAGAAGATGT AA-3' 

(B) argS polypept.de sequence deduced from the polynucleotide sequence in this table 
(SEQ ID NO:2). 



NH,-1 MN 



-TKGLIASE LVSIIDSMDQ EVILKLLETP KNSEMGDIAF PAFSLAKVER 



51 KAPQMIAAKL. AEKMNSQAFE KWATGPYVN FFLDKSAISA QVLQAVTTEK 

IS 

1C1 EHYADQNIGK QENWIDMSS PNIAXPFFIG HLRSTVIGDS LSHIFQKIGY 

151 QTVKVNHLGD WGKQFGMLIV AYKKWGDEEA VKAHPIDELL KLYVRINAEA 

20 

2 01 ENDPSLDXEA REWFRKLENG DEEALALWQW FRDESLVEFN RLYNELKVEF 
25 2 51 DSYNGEAFYN DKMDAWDIL SEKGLLLESE GAQWNLEKY GIEHPALIKK 

3 01 SDGATLYITR DLAAALYRKN EYEFAKSIYV VGQEQSAHFK QLKAVLQEMG 
30 351 ydwSDDITHV PFGLVTKEGK KLSTRKGNVI LLEPTVAEAV SRAKVQIEAK 

401 NPELENKDQV AHA VGVG A I K FYDLKTDRTN GYDFDLEAMV SFEGETGPYV 

451 QYAYARIQSI LRKADFKPET AGNYSLNDTS SWEIIKLIQD F PR 1 1 NRAAD 
501 NFEPSIIAKF AISLAQSFNK YYAHTRI LDE SPERDSRLAL S Y AT AWL K E 
551 ALRLLGVEAP EKM-COOH 



(C) Polynucleotide sequence embodiments [SEQ ID NO: 1 ]. 

X-(R 1>n -l ATGAATACAA AAGGATTGAT TGCTAGCGAA TTGGTTAGCA TCATTGATAG 
51 CATGGACCAA GAGGTAATTT TAAAGTTACT GGAAACCCCT AAAAACTCAG 
101 AAATGGGGGA CATCGCTTTC CCTGCTTTTT CTCTTGCCAA AGTCGAACGT 
151 AAAGCACCAC AAATGATTGC GGCTAAACTG GCTGAAAAAA TGAACAGCCA 
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2 01 AGCGTTTGAA AAAGTTGTCG CAACAGGACC TTACGTTAAC TTTTTGCTTG 
25 1 A T AAA T C TG C OATTTGTGGT CAAGTATTGC AAGCTGTTA 7 GAGTGAAAAA 

3 01 GAACA ZTATG CTGACCAAAA TATTGGTAAA CAAGAAAATG TTGTTATCGA 
3 51 CATGTCTAGT CCGAATATGG CTAAACGATT TTTTATTGGC CAC OTGGGTT 
40 1 CAACTGTTAT CQjAGATAGC TTGTCACATA TTTTCCAAAA AATCGGTTAT 
451 CAAACGGTCA AGGTCAACC A TTTGGGAGAC TGGGGTAAAC AATTTGGGAT 
501 GTTGATTGTT GCCTACaaAA AATGGGGCGA CGAAGAAGCT GTAAAAGCTC 
551 ATCCAATCGA TGAAGTCCTT AAACTGTATG TCCGCATCAA CGGTGAAGGT 
601' GAAAATGAGG CTAGGTTGGA TTANGAAGCG GGCGAATGGT TGGGTAAACT 
551 TGAAAATGGA GATGAGGAAG CTGTGGGTCT TTGGCAATGG TTCCGCGATG 
7C1 AAAGTTTAGT GGAATTTAAG GGCCTTTACA ATGAATTGAA GGTTGAATTT 
751 GAGAGCTATA ACGGAGAAGC GTTGTAGAAT GATAAGATGG ATGGAGTTGT 
801 AGACATTCTT TCTGAAAAAG GAGTACTTCT TGAATCAGAA GGTGCCGAAG 
351 TTGTCAATCT TG AG AAA T A C GGAATTGAAC A TCCAGC TCT CATGAAGAAA 
9C1 TGTGATCGTG CAACTCTCTA TATCAGACGT GACTTGGCTG CAGGGGTTTA 
951 CGGTAAAAAG GAATACGAAT TTGCTAAATG TATGTATGTC GTTGGTCAAG 

1001 AACAATCTGC G C A C TT T AAA CAGCTGAAAG CTGTCTTGGA AGAGATGGGC 

1351 TAGGACTGGA GTGACGACAT TACTCACGTT CGTTTTGGTT TGGTTACAAA 

110 1 AGAAGGGAAG AAACTCTCTA CTCGTAAAGG GAATGTCATC TTGGTAGAGC 

1151 CTACTGTTGC AGAGGCTGTT AGCCGTGCCA AGGTCGAAAT GGAGGGTAAA 
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12 CI AATCCTGAAC TAGAAAACAA AGACCAAGTA GCACATGCTG TTGGGGTTGG 

12 51 AGCCATTAAA TTC TATG AC C TCAAAACCGA CCGTACAAAT GGATACGACT 

13 0! TCGACCTAGA GGCTATGGTA TCCTTCCAGG GTGAAACTGG ACCTTACGTT 
135 1 CAATATGCCT ACGCTCGTAT CCAATCTATC TTACGCAAAG CCGATTTCAA 
14 0i AC C AG AAAC A GCTGGCAACT ATAGCTTGAA TGATACTGAA AGCTGGGAAA 
145 1 TCATTAAACT CATTCAAGAC TTCCCACGTA TTATCAACCG TGCGGCAGAT 
1501 AACTTTGAAC CTTCTATCAT TGC T AAATTT GCAATTAGCC TAGCTCAATC 
155 1 CTTTAACAAA TACTATGCAC ATACACGTAT CTTGGATGAA AGCCCAGAAC 
1601" GCGACAGCCG TCTAGCCCTC AGCTACGCAA CCGCAGTCGT TCTCAAAGAA 
1651 GCCCTTCGCT TGCTTGGAGT AGAAGCGCCA GAGAAGATGT AA-(R 2 ) n - y 

(D) Polypeptide sequence embodiments [SEQ ID NO:2]. 

X-(Ri) n -l KNTKGLIASE LVSIIDSMDQ EVILKLLETP KNSEMGDIAF PAFSLAKVER 

51 KAPQMIAAKL AEKMNSQAFE KWATGPYVN FFLDKSAISA QVLQAVTTEK 

101 EHYADQNIGK QENWIDMSS PNIAKPFFIG HLRSTVIGDS LSHIFQKIGY 

151 QTVKVNHLGD WGKQFGMLIV AYKKWGDEEA VKAHPIDELL KLYVRINAEA 

201 ENDPSLDXEA REWFRKLENG DEEALALWQW FRDESLVEFN RLYNELKVEF 

251 DSYNGEAFYN DKMDAWDIL SEKGLLLESE GAQWNLEKY GIEHPALIKK 

3 01 SDGATLYITR DLAAALYRKN EYEFAKS IYV VGQEQSAKFK QLKAVLQEMG 

351 YDWSDDITHV PFGLVTKEGK KLSTRKGNVI LLEPTVAEAV SRAKVQIEAK 

401 NPELENKDQV AHAVGVGA I K FYDLKTORTN GYDFDLEAMV SFEGETGPYV 

451 QYAYARIQS I LRKADFKPET AGNYS LNDTE SWEIIKLIQD FPRI INRAAD 
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501 NFEPS I IAKF AISLAQSFNK T/AHTRI LLE S PERLSRLAL S Y AT AWL K E 



55 1 ALRLLGVEAP E KM - (R 2 ; --Y 



(E) Sequences from Streptococcus pneumoniae argS polynucleotide ORF sequence 
[SEQ ID NO:3). 

5'-l TTACGTTAAC TTTTTCCTTG ATAAATCTGC CATTTCTGCT CAAGTATTGC 

51 AAGCTGTTAC CACTGAAAAA GAACACTATG CTGACCAAAA TATTGGTAAA 

101 CAAGAAAATG TTGTTATCGA CATGTCTAGT CCGAATATCG CTAAACCATT 

151 TTTTATTGGC CACCTGCGTT CAACTGTTAT CGGAGATAGC TTGTCACATA 

201 TTTTCCAAAA AATCGGTTAT CAAACGGTCA AGGTCAACCA TTTGGGAGAC 

251 TGGGGTAAAC AATTTGGGAT GTTGATTGTT GCCTAGAAAA AATGGGGCGA 

3 01 GGAAGAAGCT GTAAAAGCTC ATCCAATCGA TGAAGTGCTT AAAGTCTATG 
351 TCCGC ATCAA CGCTGAAGGT GAAAATGACC CTAGCTTGGA TTANGAAGCG 
401 CGCGAATGGT TCCGTAAACT TGAAAATGGA GATGAGGAAG CTCTCGCTGT 

4 51 TTGGCAATGG TTCCGCGATG AAAGTTTAGT GGAATTTAAC CGCCTTTACA 

5 01 ATGAATTGAA GGTTGAATTT GACAGCTATA ACGGAGAAGC CTTCTACAAT 
551 GATAAGATGG ATGCAGTTGT AGACATTCTT TCTGAAAAAG GACTACTTCT 
601 TG AATCAGAA GGTGCCCAAG TTGTCAATCT TGAGAAATAC GG AATTGAAC 
651 ATCCAGCTCT CATCAAGAAA TCTGATGGTG CAACTCTCTA TATCACACGT 
"01 GACTTGGCTG CAGCCCTTTA CCGTAAAAAC GAATACGAAT TTGCTAAATC 
751 TATCTATGTC GTTGGTC AAG AACAATCTGC CCACTTTAAA CAGCTGAAAG 
80 1 CTGTCTTGCA AGAGATGGGC TACGACTGGA GTGACGACAT TACTCACGTT 
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851 CCTTTTGGTT TGGTTACAAA AGAAGGGAAG AAACTCTCTA CTCGTAAAGG 

90 L GAATGTCATC TTGCTAGAGC CTACTGTTGC AGAGGCTGTT AGC CGTGCCA 

951 AGGTCCAAAT CGAGGCTAAA AATCCTGAAC TAGAAAACAA AGACCAAGTA 

1001 GCACATGCTG TTGGGGTTGG AGCCATTAAA TTCTATGACC TCAAAACCGA 

1051 CCGTACAAAT GGATACGACT TCGACCTAGA GGCTATGGTA TCCTTCGAGG 

1101 GTGAAACTGG ACCTTACGTT CAATATGCCT ACGCTCGTAT CCAATCTATC 

1151 TTACGCAAAG CCGATTTCAA ACCAGAAACA GCTGGCAACT ATAGCTTGAA 

1201 TGATACTGAA AGCTGGGAAA TCATTAAACT CATTCAAGAC TTCCCACGTA 

12 51 TTATCAACCG TGCGGCAGAT AACTTTGAAC CTTCTATCAT TGCTAAATTT 

13 01 GCAATTAGCC TAGCTCAATC CTTTAACAAA TACTATGCAC AT AC AC GT AT 

13 51 CTTGGATGAA AGCCCAGAAC GCGACAGCCG TCTAGCCCTC AGCTACGCAA 
1401 CCGCAGTCGT TCTCAAAGAA GCCCTTCGCT TGCTTGGAGT AGAAGCGCCA 

14 51 GAGAAGATGT AA-3 ' 

(F) argS polypeptide sequence deduced from the polynucleotide ORF sequence in th 

table [SEQ ID NO:4]. 

NH 2 -1 YVNFFLDKSA ISAQVLQAVT TEKEHYADQN IGKQENWID MSSPNIAKPF 

51 FIGHLRSTVI GDSLSHIFQK IGYQTVKVNH LGDWGKQFGM LIVAYKKWGD 

101 EEAVKAHPID ELLKLYVRIN AEAENDPSLD XEAREWFRKL ENGDEEALAL 

151 WQWFRDESLV EFNRLYNELK VEFDSYNGEA FYNDKMDAW DILSEKGLLL 

201 ESEGAQWNL EKYGIEHPAL IKKSDGATLY ITRDLAAALY RKNEYEFAKS 

251 IYWGQEQSA HFKQLKAVLQ EMGYDWSDDI THVPFGLVTK EGKKLSTRKG 
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3:i N'YILLEPTYA EA7SRAKYQT EAKNPELENX DQVAKAVGV3 AIKEYDLKTD 

3 5 1 RTN'GYCr AMY SFECET G ?YV^ YA YAP. I Q3 ILRKADFK PETAGNYSLN 

4 0 1 dteswe: ;:<l iqdfpri :nr aadnfeps: : axf aislaqs f nkyyahtri 
45 1 leesperdsr lals yatayy lkeagrllgy fa p e km - c c c k 



Deposited materials 

A deposit containing a Streptococcus pneumonlaeQ^0Q993 strain has been deposited with the National Collections 
of industrial and Marine Bacteria Ltd (nerein "NCI MB"). 23 St Machar Drive. Aberdeen AB? 1 RY Scotland on 11 April 
199G arid d^iyneu deposit number 40794 The deposit was described as Streptococcus peumnoniae 01 00993 on 
deposit On 17 April 1996 a Streptococcus peumnoniae 01C0993 DNA library in E coli was similarly deposited with 
the NCI MB and assigned deposit number 40S00 The Streptococcus pneumoniae strain deposit is referred to herein 
as "the deposited strain" or as "the DNA of the deposited strain " 

The deposited strain contains the fjll length argS gene Tne sequence of the polynucleotides contained in the 
deposited strain, as well as the amino acid sequence of the polypeptide encoded thereby are controlling in the event 
of any conflict with any description of sequences herein. 

The deposit of the deposited strain has been made under the terms of the Budapest Treaty on the International 
Recognition of the Deposit of Micro-organisms for Purposes of Patent Procedure The strain will be irrevocably and 
without restriction or condition released to the public upon the issuance of a patent The deposited strain is provided 
merely as convenience to those of s-vll in the art and is net an admission that a deposit is required for enablement, 
such as that requ'red under 35 U S.C § 1 " 2 

A license may be required to make, use or sell the deposited strain, and compounds derived therefrom, and no 
such license is hereby granted 



Polypeptides 

The polypeptides of the invention include the polypeptide of Table I [SEQ ID NO: 2] (in particular the mature polypep- 
tide) as well as polypeptides and fragments particularly those which have the bio j ogicai activity of argS. and also those 
which have at least 70°, identity t c =■ - c ypoptidc cf Table 1 [SEQ ID NOS 2 ana 4j or tne relevant portion, preferably 
at least 50°o identity to a polypeptide of Table 1 [SEQ ID NCS.2 and 4] and more preferably at least 90% similarity 
(more preferably at least 90°b identity) to a polypeptide of Table I [SEQ ID NOS 2 and 4] and still more preferably at 
least 95°c similarity f still more preferably at least 95° u identity) tc a polypep;ide of Table 1 [SEQ ID NOS:2 and 4] and 
also include portions of such polypeptides with such portion cf the polypeptide genera ; ly containing at least 30 ammo 
acids and more preferably at least 50 amino acids 

The invention also includes polypeptides of the formula set forth in Tab^e 1 (D) [SEQ ID NO 2] wherein, at the 
ammo terminus X is hydrogen, and at the carboxyl terminus Y -s hydrogen or a metal, and R 2 is any amino acid 
residue and n is an integer between 1 ard 1 000 Any stretch cf am no acid residues denoted by either R group, where 
R is greater than 1 may be either a heteropolymer or a home-polymer, preferably a heteropolymer 

A fragment is a variant polypept de having an amino acid sequence that entirely is the same as part but not all of 
the ammo acid sequence of the aforementioned polypeptides As with argS polypeptides fragments may be "fine- 
standing " or ccmprised within a larger polypeptide of which they form a part o r region most preferably as a single 
continuous -egion a single larger polypeptide 

Preferred fragments include for example truncation polypeptides having a portion of an amino acid sequence of 
Trible 1 [SEQ I D NOS 2 and 4] or of variants thereof such as a continuous series of residues that includes the amino 
tc rn ^mus. cr a continuous series of res dues that includes the carboxyl terminus Degradation forms of the polypeptides 
of the invention in a host cell, particularly a Streptococcus pneumoniae, are also preferred Further preferred are frag- 
ments characterized by structural or functional attributes such as fragments that comprise alpha-helix and alpha-helix 
forming regions beta-sheet and beta -sheet-forming regions turn and turn-forming regions, coil and coil-forming re- 
gions hydrophihc regions hydrophobic regions alpha amphipathic regions beta amphipathic regions flexible regions. 
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surface-form,ng regions, substrate binding region, and high ^'9^0 index £9™* |nc|ud , ng 
Also preferred are biologically active fragments which are those ,ra 9^ , nclud e d are those 

those w,th a s,m:.ar acuity or an improved activity, or w„h ^^^^^ p "erred are fragments 

oTZS; to Late or maintain cause disease '-n m« producing th e corresponding 

the full-length polypeptides of the invention. 



w 



15 



20 



25 



35 



40 



Polynucleotides 



argS polypeptide having a deduced ammo acid sequence of Table 1 [SEQ ID NObi ana 4] p y 
related thereto and variants thereof. , n , on ,i H p ^nuence set out in Table 1 [SEQ ID NOS:1 and 

Using the information provided herein such ^^^^ e ^Z^°l standard c ,on,ng and screening 
3] . a polynucleotide of the invention encoding argS P o| yP e P tld ^7nNA Sments from bacteria using Streptococcus 
methods, such as those for cloning and sequencing chromosomal DNA fragments from ba g p 

pne.mon/ae 0100993 cells as starting material, followed by obta.n.ng a W cto ne ^ exa P ■ 

polynucleotide sequence of the invention, such as a sequence g^n n Table 1 [SMIDMO . a l» V ^ 
Ebrary of clones of chromosomal DNA of f e P~^^ sequence. Clones 

probed with a radiolabeled oligonucleotide, preferably « 17 ; mer .° r J°"^ conditions By sequencing the 

carrying DNA identical to that of the probe can then be a f^^^Z^^e^ jt i8 y t J possible to 
individual clones thus identified with sequencing P" m ™ °^ nv t ent y such sequencing is per- 

extend the sequence in both directions to determine ^ ^^^^J^^Zm^as are described by 
formed using denatured double stranded DNA P^-d 'rom - P^^^TDW MaV/^L. 2nd Ed.; Cold 

0100993 _- , , i rQPr , in Mnc-n contains an open reading frame encoding a protein having 

begins at nucleotide number 1690 of SEQ ID NO.1. synthetase family, as shown by 

argS of the invention ,s structurally related tc .other P £e- o t arginy . tRNA syn h ^ h ^ 

the results of sequencing the DNA proteins. argS o, Table I [SEQ 

fo 8 ^^^^ Sim nar„y 9 over its entire length with the am,no 

f c :ilT C :l< Saccharomyces cerev,s,ae mitochond^l arginy, ^^Z^^S sequence ,n Table 
The invention provides a polynucleotide sequence identical ove r ts ent re W polypeptlde or a fragment 
1 [SEQ ID NO:1]. Also provided by the invention is the coding s equen ce fo the mat u e 

thereof, by itself as well as the coding sequence for the ma ure ^^^^^^^ sequence, 
coding sequence, such as those encoding a leader or secretory ^ ^oZL pie bu, not limited to non-coding 5' 
The polynucleotide may also contain non-cod,ng sequences, ,n eluding fc» « ample, but not 

and 3' sequences, such as the transcribed, "^j' 8 '^ which encode ad- 

sequences that stabilize mRNA, introns, P olyadenylat,on signals, an d ° na 3^ ? ysed polypeptlde can be 
ditional ammo acds. For example, a marker sequence tha lactates purif cat.n of he us p jp (he 

encoded In certain embodiments of the invention, the marker ^Z ^IL (1 989), or an HA tag 

pQE vector (Qiagen, inc.) and described in Gentz et al Proa Na ^ ca f n f Q , *, ted to , ^nucleotides 

Wlk „ np , a , cell37 767(1984). Polynucleotides of the invention also include, but are not iimiie .v 
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R group where R is greater than 1 may be either a heteropolymer or a homcpolyme r preferably a heteropolymer 

The term "polynucleotide encoding a polypeptide" as used herein, encompasses polynucleotides that include a 
seouer :e e reccing a polypeptide Df the invention particularly a bacterial polypeptide and more particularly a polypep- 
: ce 3< me Sireptococcjs pnoumc niae argS .having the amino acta sequence set out in Table 1 [SEQ ID NO 2] The 
*cm iai.se encompasses polynucleotides that include a single continuous region or discontinuous regions encoding the 
poiypeptice .for examp e interrupted by integrated phage or an insertion sequence or editing) together with additional 
r egions that aiso may contain cccmg and/or non-coding sequences 

The mventien further relates to variants of the polynucleotides described herein that encode for variants of the 
polypeptide having the deduced ammo acid sequence of Table 1 (SEQ ID NO 2] Variants that are fragments of the 
polynucleotides of the invention may be used to synthesize full-length polynucleotides of the invention 

^u-:h-;-r particular y preferred embodiments are polynucleotides encocing argS variants that have the amino acid 
sequence cf argS oclypept de o* Tab^e 1 [SEQ ID NO 2] in which several a few 5 to 10 1 to 5 1 to 3. 2. 1 or no amino 
acid residues are substituted, deleted or added in any combination Especially preferred among these are silent sub- 
st-tutions additions and deletions, that do not alter the properties and activities of argS 

Further preterred embodiments of the invention are polynucleotides that are at east 70° o identical over their entire 
length to a polynucleotide encoding argS polypeptide having an amino acid sequence set out in Table 1 [SEQ ID NOS 
2 and 4] and polynucleotides that are complementary to such polynucleotides. Alternatively, most highly preferred are 
polynucleotides that comprise a region tha* is a* |p.=iQt ~n° c identical over its entire length to a polyriucluuliue encoding 
argS polypeptide of the deposited strain and polynucleotides complementary thereto In this regard, polynucleotides 
at least 90% identical over their entire length to the same are particularly preferred, and among these particularly 
preferred polynucleotides, those with at least 95% are especially preferred Furthermore, those with at least 97% are 
highly preferred among those with at least 95% and among these those with at least 9S% and at least 99% are par- 
ticularly highly preferred with at least 99% being the more preferred. 

Preferred embod ments are polynucleotides that encode polypeptides that retain substantially the same biological 
function or activity as the mature polypeptide encoded by the DNA of Table 1 [SEQ ID NO: 1 ] 

The invention further relates to pcynucleotides that hybridize to the herein above-described sequences In this 
regard the ■nvention espeeiahy 'eiates to polynucleotides that hybridize under stringent conditions to the herein above- 
desenbod polynucleotides As herein used the terms "stringent conditions" and "stringent hybridization conditions" 
moan hybndization w-il occur on y ;f there is at least 95% and preferably at least 97% identity between the sequences 
Ar. example of stringent hybridi/atior condit'C-ns is overmght incubation at 42° C m a so.ution comprising 50% forma- 
m;de 5k 3SC (150mM NaCi. 15mV1 tnsodium citrate). 50 mM sodium phosphate (ph7.6). 5x Denhardt's solution. 10% 
ocxtran Sulfate, and 20 m.icrcgrams/ml denatured sheared salmon sperm E' i NA, followed by washing the hybridization 
sjDport in 0 1x SSC at aoout 65 3 C Hybridization anc wash conditions are well known and exemplified in Sambrook, 
el al , Mo ecuiar Cloning A Laboratory Manual. Second Edition. Cold Spring Harbor. NY. (1 989). particularly Chapter 
1 1 therein 

Tne invention also provides a polynuclec4.de consisting essentially of a polynucleotide sequence obtainable by 
sc r eenrcan app-oprate library containing the complete gene for a polynucleotide sequence set forth in SEQ ID NO 

1 or SEQ iD \iu 3 unoer stnnge^t nyrjnO'zation conditions with a prote having the sequence of said polynucleotide 
sv;juon:e set forth in SEQ ID NO or a fragment thereof and isolating said DNA sequence Fragments useful for 
cotamr g such a polynucleotide include 'or example, probes and primers describee elsewhere herein 

Ab discussed acciticna-ly herein regarding oolynucleotide assays of the invent. on for instance, polynucleotides 
y the mventien as discussed at eve may be used as a hybridization probe for RNA cDNA and genomic DNA to isolate 
f ji -length :DNAs a-d gencm c c ones encoding argS and to isolate cDNA and genomic clones of other genes that 
K -ve s ncjh sequence similarly to the argS gene Such probes generally will comprise at least 15 bases Preferably, 
s ,ch probes will have at least 30 cases and ra-.y have at least 50 bases Particularly preferred probes will have at least 
30 bases and wll have 50 bases or less 

For example the ood-ng region of the argS gene rrny be isolated by screening using the DNA sequence provided 
"SEQ D NO 1 tc synthesize an c hgonuc leotide orobe A labeled c ligonuc leotide having a sequence complementary 
to tha* of a gene of the invention is then used *o screen a library of cDNA genomic DNA o r mRNA to determine which 
r-ernt e r s :>f the litra r y the probe hybridizes to 

Tne coiynucleotices 4^d polvc ept-des of 'ho invention may be employed for example as research reagents and 
mater als for discover of treatments of and diagnostics for disease particularly human disease, as further ciscussed 
nereir relating to oolynuc leofde assays 

Polynucleotides of tne invention that are oligonucleotides derived from the sequences of SEQ ID NOS 1 and/or 

2 may be used in tne processes herem as described but preferably for PCR to determine whether or not the polynu- 
cleotides identified herein in whole or m part are transcribed in bacteria in infected tissue It is recognized that such 
sequences will also have utility in aiagnos s ot the stage of infection and type of infection the pathogen has attained 

Tne invention aiso provides polynucleotides that may encode a polypeptide that is the mature protein plus additional 
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ammo or carboxyl-term.nal ammo acds. or ammo acids interior to the mature polypept.de (when the mature form has 
more than one polypeptide chain, for instance) Such sequences may play a role in processing of a protein from pre- 
cursor to a mature form, may allow protein transport, may lengthen or shorten prote,n half-life or may fac, tate manip- 
ulation of a protein for assay or production among other things. As generally is the case m v,vo, the additional ammo 
acids may be processed away from the mature protein by cellular enzymes. 

A precursor protein having the mature form of the polypeptide fused to one or more prosequences may be an 
inactive form of the polypeptide When prosequences are removed such inactive precursors generally are activated. 
Some or all of the prosequences may be removed before activation. Generally, such precursors are called proprote.ns. 

in sum a polynucleotide of the invention may encode a mature prote.n, a mature protein plus a leader sequence 
w (which may be referred to as a preprotein), a precursor of a mature protein having one or more prosequences that are 
net the leader sequences of a preprotein, or a preproprotem, which is a precursor to a propro.e.n, having a leader 
sequence and one or more prosequences. which generally are removed during processing steps that produce active 
ard mature forms of the polypeptide. 

is Vectors, host cells, expression 

The invention also relates to vectors that compr.se a polynucleotide or polynucleotides of the invention, host cells 
that are genetically engineered with vectors of the invention and the production of polypeptides o the invention by 
recombinant techniques. Cell-free translation systems can also be employed to produce such protems us.ng RNAs 
20 derived from the DNA constructs of the invention. 

For recombinant production, host cells can be genetically engineered to incorporate expression systems ; or portions 
thereof or polynucleotides of the invention. Introduction of a polynucleotide into the host eel can be effects ,c I by methods 
described in many standard laboratory manuals, such as Davis et al„ BASIC METHODS IN MOLECULAR BIOLOGY, 
^986) and sTmbrook et al. MOLECULAR CLONING. A LABORATORY MANUAL 2nd Ed., Cold Spring Harbor Lab- 
25 oratory Press. Cold Spring Harbor, N.Y. (1989), such as, calcium phosphate transaction, DEAE-dextran mediated 
Section, transvecL microinjection, cationic li P id-med,a.ed transfection, electroporation, transduction, scrape 
loadinq ballistic introduction and infection. 

Representative examples of appropriate hosts include bacteria, cells, such as streptococci, staphy ococci ente- 
rococci E col,, streptomyces and Bacillus sutm cells: fungal cells, such as yeast ceHs and ^'^^^ 
30 cells such as DrosophUa S2 and Spodoptera Sf9 cells: animal cells such as CHO, COS, HeLa. C1 27, 3T3. BHK, 293 
^nri Rowes melanoma cells: and plant cells. 

A gTeat variety of expression systems can be used to produce the polypeptides of the invention. Such vectors 
include among others, chromosomal, ep.soma, and virus-derived vectors, e.g.. vectors derived from bacteria, plasm.ds, 
om bacteriophage, from transposons. from yeast eo,somes. from insertion elements, from yeas ■ <*™°^ £ 
35 ments from viruses such as baculoviruses, papova viruses, such as SV40, vacc,n,a viruses, adenoviruses, fowl pox 
vTuses pseudorabies Viruses and retroviruses, and vectors derived from combinations thereof, such as those derived 
from plasmidand bacteriophage genetic elements, such as cosmids and phagemids. The expression system constructs 
may contain control regions that regulate as we,, as engender expression. General* any system or ve«« sui^le to 
maintain propagate or express polynucleotides and/or to express a polypeptide ,n a host may be used for expression 
,o Tn this regard The appropriate DNA sequence may be inserted into the expression system by any c a ^var etyo^wel. 
known and routine techniques, such as, for example, those set forth in Sambrook et al., MOLECULAR CLONING, A 
LABORATORY MANUAL, (supra). 

For secretion of the translated protein into the lumen of the endoplasmic reticulum, into the periplasms space or 
into the extracellular environment, appropriate secretion signals may be incorporated into the expressed polypeptide. 
45 These signals may be endogenous to the polypeptide or they may be heterologous signals. mpthnriq 
Polypeptides of the invention can be recovered and purified from recombinant cell cultures by well-known methods 
including ammonium sulfate or efhanol precipitation, acid extraction, an.on or cation exchan 9« ch ' omat ^ ra P^ P r h °;' 
pnocellulose chromatography, hydrophobic interaction chromatography, affinity chromatography, hydroxy apa ,,e ch o- 
myography, and lectin chromatography Most preferably, high performance liquid chromatography °[ 
50 purification Well known techniques for refolding protein may be employed to regenerate active conformation when the 
polypeptide is denatured during isolation and or purification. 

Diagnostic Assays 

Th,s invention is also related to the use of the argS polynucleotides of the invention for use as 'diagnostic ^eagen^ 
Detection of argS in a eukaryote. particularly a mammal, and especially a human, will provide a diagnostic method or 
diagnosis o, a disease. Eukaryo-es (herein also ",nd,v,dua,(s)"). particularly mammals, and °^»*^%™ 9 
ularly those infected or suspected to be infected with an organism comprising the argS gene may be detected at the 
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nucleic acid level by a variety of techniques 

Nu:ieic ac:ds !cr diagncs.s may be obtained from an infected individual's cells ana tissues such as bone, blood, 
muscle ravage and SK,n Genomic DNA may do usee directly for detection or may be amplified enzymatically by 
us n: P C R cr ether ^mpincat'Or technique oner to anaiys.s RNA cr cDNA may also be used in the same ways Using 
ampifcavcn cnaractenzation of :r,e species and strain of prcKarycte present m an individual, may be made by an 
analysis of the genotype of the prokarycte gene Delet.ons and insertions can be detected by a change in size of the 
amplified product in comparison to the genotype of a reference sequence Poirt mutations can be identified by hybrid- 
izing amplified DNA to labeled argS polynucleotide sequences Perfectly matched sequences can be distinguished 
frcm mismatched duplexes by RNase digestion or by differences in melting temperatures DNA sequence differences 
may also be detected by alterations in tne electroonoretic mobility of the DNA fragments in gels with or without dena- 
tunng agents cr by d'rect DNA sequenc-rg See e g , Myers et al Science. 230: 1 242 { 1 955) Sequence changes at 
specific locaticns also may be revealed cy nuclease protection assays, such as RNase and S1 protection or a chemical 
cleavage metnod See. e g . Cotton et a. Proc Natl Acad. Sci., USA, 85 4397-4401 
(1955) 

Cells carryng mutations or polymorphisms in the gene of the invention may also be detected at the DNA level by 
a vanety of techniques, to allow tor serotyping, for example. For example, RT-PCR can be used to detect mutations 
It is particularly preferred to used RT-PCR in conjunction with autcmated detection systems, such as. for example. 
GeneScan RNA or cDNA may also be used for the same ourpose pr.R or RT-prp As an example, PGR primers 
complementary to a nucleic acid encoding argS can be used to identify and analyze mutations. The invention further 
prov-des these primers with 1 . 2. 3 or 4 nucleotides removed from the 5' and/or the 3' end. These primers may be used 
for among other things amplifying argS DNA isolated from a sample derived from an individual. The primers may be 
used to amplify the gene isolated from an infected ind-vdual such that the gene may then be subject to various tech- 
niques 'or elucidation of the DNA sequence In this way, mutations in the DNA sequence may be detected and used 
to diagnose infection and to serotype and/or classify the infectious agent. 

The invention further prov-des a process for diagnosing, disease. pre'erably bacterial infections, more preferably 
mfoct : cns by Streptococcus pneumoniae, and most preferably otitis media, conjunctivitis, pneumonia, bacteremia, 
mcn.ng tis. sinusitis, pleural empyema anc endocarditis, and most particularly meningitis, such as for example infection 
of cerecrospma- fluid compns ; ng determining from a sampie derived frcm an indivicual a increased level of expression 
of so'y^cleo: de having the sequence ol Table 1 [SEQ !D NO 1] Increased or decreased expression of argS poly- 
nucleotide can be measured using any cr. of the methods well known in the art for the quantation of polynucleotides, 
such as for example amplification PGR. RT-PCR RNase protect on. Northern, blotting and other hybridization meth- 
ods 

In additior. a d-azjnostic :issay in accordance with the invention for detecting over-expression of argS protein 
compared to normal cont r ol tissue samples may be used to detect the presence of an infection, for example Assay 
tecnn.ques that can be used to determine levels of a argS protein, in a sample derived from a host are well-known to 
those of skill in the art Such assay methods include radioimmunoassays, competitive-binding assays, Western Blot 
analysis and ELISA assays 

Antibodies 

Tne polypeptides o* the invention o< variants thereof or ceils expressing them can be used as an immunogen to 
produce antibcdies immunospec ific fc r such polypeptides "Antibodies" as used herein includes monoclonal and pol- 
yconal anybodies chimeric, s.ngle chain simiamzed antibodies and humanized antibodies, as well as Fab fragments, 
mc ucinc :nc products of an Fab .mmunclglobulm expression library 

Antibodies generated aga nst the polypeptides of f~e invention can be obtained by administering the polypeptides 
or eo toc-e-beanng fragments analogues or cells to an animal preferably a nonhuman using routine protocols For 
prepara: cn of monoclcna antibodies any technique known in the art that provices antibodies produced by continuous 
cg! line cultures can c e used Examples include various techniques sucn as those in Kohler. G and Milstem. C 
Nature 256 4 -5-497 1 1 975 ) . Kozbo- et al . Immunology Today 4 72 { 1953) Cole et al pg 77-96 in MONOCLONAL 
ANTIBODIES AND CANCER THERAPY Alan R Liss .nc ( 1 985 j 

Tec-n-quos for tne production of s;r.g!e chain antibodies (U S Patent No 4.946.776) can be adapted to produce 
smqie chain antiDOdies to polypeptides of this invention Also transgenic mice or other organisms such as other mam- 
ma is may oc used to express humanized antibodies 

A tematively ohage display techno ogy may be utilized to select antibody genes with binding activities towards the 
polypept de either from repertoires of PCR amphfiec v-genes of lymphocytes from humans screened for possessing 
ann-argScr from naive libraries ( McGaffenty J et al ( 1 990) Nature 348 552-554 Marks J et al .( 1 992) Biotechnology 
10. 779-753) The affinity of these antibodies can also be improved by chain shuffling (Clackscn T et al . (1 991 ) Nature 
352 624-625) 
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„ two antigen b.nd.ng domains are present each doma,n may be directed aga.ns, a different epitope - termed 
'"'^ne ab^deSibed antibodies may be employed to isolate or to identify Cones expressing the polypeptides to 

a| Hum Gene Ther. 1 963:4. 41 9), delivery of DNA complexed w h specific prot en mers (W u«a . . 

^ 989 264. 1 6985). coprecp.tation of DNA w,th catoium phosphate Benven.sty & Reshe , ™* 1 foment 

encapsulation of DNA in various forms of liposomes ^^^^^^^ us,ng Coned 

(Tangetal Na(t/re 1992 356:152. Eisenbraun et al„ DNA Cell Biol 993. i^./aijanu 

retroviral vectors (Seeger et al. PNAS USA 1934:31.5849). 

Antagonists and agonists - assays and molecules 

ESS=s«S3SSs 

the rate of product production from substrate are agon.sts^Detect.on ral e °^lev el o p P ^ 

===== 

in argS polynucleotide or polypeptide activity, and binding assays known ,n the art 

or converted to product can be determined accurately to assess the e " e ^ ess an t, bodies that b,nd to a poly- 
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be small organic mc'ecues a peptide a polypeptide such as a ciosely related protein 3r antibody that binds the same 
Sries cn a tending moieeu e such as a onong molecule without inducing argS-mduced activities, thereby preventing 
t^e action of argS by ex^uang a r gS from bndng 

Fete-" t al antagonists rc--de a sma : : mc;ie:ule that ones to ana occupies the ending site of the polypeptide thereby 
cevontng ending to cellar binding moie:ules sucn tna: normal bic ogical activity is prevented Examples of small 
moieeu C5 nclude b-t a^e net limited to small ergamo mclecules pepndes or peptide-like molecules Other potential 
antagonists ir.c ude ant-sense molecules (see Okanc. J Neurochcm. 56 560 (1991 ) OLIG ODEOXYNUCL E O TIDE S 
AS ANT1SENSE INHIBITORS OF GENE EXPRESSION. CRC Press Boca Raton FL (1 966). for a description of these 
mclecules) Preferred pctentia antagonists nclude compounds related to anc variants of argS. 

Each ct the DNA seqjences provided herein may be used in the discovery and development of antibacterial com- 
ocuncs "^"e encoded protein upon expression can be used as a target for the screening of antibacterial drugs. Ad- 
dficnally the DNA sequences encoding the amino terminal regions of the encoded protein or Shine-Delgarno or other 
Tanslaticr fac stating sequences of the respective mRNA can be used to construct antisense sequences to control the 
expression of the ceding sequence of interest 

The invention also provides trie use cf the polypeptide polynucleotide or inhibitor of the invention to interfere with 
tre initial pnysical interaction oetween a patnogen and mammalian host responsible for sequelae of infection In par- 
ticular the molecules of the invention may be used, in the prevention of adhesion of bacteria, in particular gram positive 
bacteria, to mammalian extracellular matrix proteins on indwelling devices or to extracellular matrix proteins :n wounds: 
t: dock a.'gS jjiuiein-mediaterJ mammalian cell invasion by : for example initiating phosphorylation of mammalian 
tyrosne kinases (Roser shine et al , Infect, fmmun. 60:2211 (1992), to block bacterial adhesion between mammalian 
ext r acellular matrix proteins and bacteria; argS proteins that mediate tissue damage and: to block the normal progres- 
s on of pathogenesis in infections nitiated other tnan by the implantation of in-dwelling devices or by other surgical 
techriq jes 

The antagonists and agon.sts of the invention may be employed, for instance to inhibit and treat otitis media, 
conjunctivitis, pneumonia, bacteremia meningitis sinusitis, pleural empyema and endocarditis, and most particularly 
meningitis such as for example infection cf cerebrospinal fluid 

Helicobacter pylon (herein H pylori; bactena infect the stomaens of over one-third of the world's population causing 
stomach cancer ulcers and gastritis (International Agency for Research cn Cancer (1 994) Schistosomes. Liver Flukes 
and Hehcooacter Pyior. < Internal ona." Agency for Research on C ancer Lyon. France: http://www.uicc.ch/ecp/ 
ecc?9(>; h tm) Moreover the ir ternationai Agency for Research on Cance r recently recognized a cause-and-effect 
re I at onshnc oetween H pylon and gastric adenocarcinoma, classifying the bacterium as a Group I (definite) carcinogen. 
F" referred antimiorcb ai compounds of the invention (agonists and antagonists of argS) found using screens provided 
by the invention. par1icu ; ar!y broad-spectrum antibiotics, snouid be useful n the treatment of H pylon infection. Such 
t r oatment should decrease the advent of H. pylon- induced cancers such as gastrointestinal carcinoma. Such treatment 
snouid also cure gastric ulcers and gastritis 

Vaccines 

Anotho- aspect c f the invention -elates to a method for inducing an immunological response in an individual par- 
t :.j ! ar!y a ^ammai which comprises mcculatng the individual with argS or a fragment or variant thereof, adequate to 
pr:duce antibody and/ or T ceil -mnne response to protect said individual from nfection. particularly bacterial infection 
a~d most particularly Streptococcus pneumoniae infection Also provided are methods whereby such immunological 
response slows bacteria rep nation Yet another aspect of the invention relates to a method of inducing immunological 
response n an indiviaua. which compr.ses cehvenng to such individual a nucleic acid vector to direct expression of 
ar uS era t ragmen t o r a variant thereof fc e * pressing ar^S or a fragment or a variant thereof in vivo in order to induce 
an immunological response s^:h as. to produce antibody and/ or T cell immune response, including for example 
cyt okine -producing ^ ceils or cytotoxic T eel s to protect sa'd individual from disease whether that disease is already 
estab s^ed within the indivicual or not One way of administering the ijene is by accelerating it into the desired cells 
as a :oatm.g on pantcies or otherwise 

S^ch nucleic acid vector mav ccmpr se DNA RNA a modified nucleic acid or a DNARNA hybrid 

A further aspect of the invention rela r es to an immune logical composition which when introduced into an individual 
c ioac e or rav.ng induced within it an immunologic ai response induces an immunological response in such individual 
tc a argS cr protein coded theref r om w-ere n the composition comprises a recombinant argS or protein coded there- 
f rom comprising DNA wh.ch cedes for and expresses an antigen of said argS or protein coded therefrom The immu- 
nological response may be used therac eutically or prophylactically and may take the form of antibody immunity or 
cellular immunity such as that arising from CTL or CD4+ T cells 

A argS polypeptide or a fragment thereof may oe fused with co-protein which may not by itself produce antibodies, 
but is capable of stabilizing the first proton and producing a fused protein which will have immunogenic and protective 
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p,op eM s Thus .used — • *«» »!» SSST^^SK 

to e,ther the ammo or carboxy terminus of the first P^'n _ composlt , onSi and methods comprising the 

P ^^= 7^:^^^^~ m ,, -* a, ,ho,e deeded * 

„h,ch have Been shown to enccOe non-vanable regions ot bade nal ce I surta » „ e pa „, cu . 

such gene,ic , m munizat,oh expenmen.s in ammal models ol inlec .1 on wiffi „ „ IS b P elieve(J 

humans >■ wa^rinatinn of a host to produce specific antibodies which protect 

The polypeptide may be used as an antigen for vaccina ,on of a host to pro p ^ ^ 

aga.s, invasion of bactena, (or example by °' " 2 anical chem,ca, or therma, damage or by 

fm^^^ - - - "»"■ — *"* Ur6,hra 

° r V invention a,so includes a vaccne formulation wh,ch < = ™ 

,nven tl on together with a suitable carr,er. Since the proteir .may ^%^n ^" «^on« ^ ^ 
istered parenteral^, including, for example, adminls,ratlon,h f injection solutions 
dermal Formulations suable for parenteral administration ™' u "2^ insotonic with the 

which may contain anti-oxidants, buffers, bactenostats and ^^^^Z^ suspe n S ,ons which may 
bodily flu.d. preferably the blood, of the individual and t^*^™^™**^^* or mult.-dose con- 
inc.ude suspending agents or thickening agent. The mula on ™V ^^ diti{W requiring only the ad d,t,on 
tamers, for example, sealed ampules and vials and may be stereo n a adjuvant tems , or 

of the sterile liquid earner immediately prior to use. ™° ™. m °^™Z^^er sys tems known in the art. 

substantially affect the immunogenic properties of the recombinant protein 
Compositions, kits and administration 

The invention also relates to compositions comprising the ^^^^^^^^ « 
their agonists or antagonists. The polypeptides of the invention ^"7'^^^ sultable for adm,n- 
ster.le carrier or carriers for use with cells, tissues or effective amount 

istration to a sub,ect Such compositions comprise, for camers may include, 

b-a7n=,r= 

°' ,h ™;p e ep«e S and o,ho, compounds o, ,h. invenbon ma, he employed alone o, ,n coniunclion «,h o,he, eom- 

pounds, such as therapeutic compounds. „„„„ tiwo rnnU pnipnt manner including, for instance, 

ad m-=c^^ — — or 

^TS!^^^ tne active agent may be administered to an ,nd,v,dua, as an ,n,ectab,e composition, 

for example as a sterile aqueous dispersion, preferably isotonic. formo f ointments, creams, 
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for exampie cream or ointment bases and ethanci or oleyl alcohol for lotions Such carriers may constitute from about 
1°o tc about 98°o oy we^gnt of the formulation more usually they will constitute up to about SO°b by weight of the 

formulation 

Fcr administration tc mammals and particularly humans it is expected that the daily dosage level of the active 
age 0 -t w II be frcrr C Cl mg <g tc 10 ma kg typicaiiy arc una 1 mg/kg The physician in any event will determine the 
actua dosage whn:n will be most suitaoie for an individual and will vary with the age weight and response of the 
particular individual The above dosages are exemplary of the average case There can. of course be individual in- 
stances where higher or lower dosage ranges are merited and such are within the scope of this invention 

In-dwelling devices inciude surgica: implants prosthetic devices and catheters, i e devices that are introduced 
to the body of an individual and r emam in position for an extended time Such devices include for example artificial 
joints heart valves pacemakers vascular gra'ts vascular catheters cerebrospinal fluid shunts, urinary catheters, 
continuous ambulatory peritoneal dialysis (CAPD) catheters 

The composition of the invention may be administered by injection to achieve a systemic effect against relevant 
bacteria shortly befo r e insertion of an in-dwelling device Treatment may be continued after surgery during the in-body 
time of the device In addition the composition could also be used to broaden perioperative cover for any surgical 
technique to prevent bactenal wound -nfections. especially Streptococcus pneumoniae wound infections 

Many orthopaedic surgeons consider that humans with prosthetic joints should be considered for antibiotic proph- 
ylaxis before dental treatment that could produce a bacteremia Late deeD infection is p serious complication soiTietirne^ 
ieaamg to loss ot the prosthetic joint and is accompanied by significant morbidity and mortality It may therefore be 
possible to extend the use of the active agent as a replacement for prophylactic antibiotics in this situation. 

In addition to the therapy described above, the compositions of this invention may be used generally as a wound 
treatment agent to prevent adhesion of bacteria to matrix proteins exposed in wound tissue and for prophylactic use 
in dental treatment as an alternative to or in conjunction with antibiotic prophylaxis 

Alternatively, the composition of the invention may be used to bathe an indwelling device immediately before in- 
sertion The active agent win preferably be present at a concentration of 1ug/ml to lOmg/ml for bathing of wounds or 
mdweihng devices 

A vaccine composition is conveniently in injectable form Conventional adjuvants may be employed to enhance 
the immune response A suitable unit dose for vaccination is C 5-5 microgram/kg of antigen, and such dose is preferably 
administered 1-3 times and wrh an interval of 1-3 weeks With the indicated dose range, no adverse toxicological 
effects wil be cbserved with the compounds of the invention which would preclude their administration to suitable 
individuals 

Each reference disclosed herein is incorporated by reference herein in its entirety Any patent application to which 
this application claims priorry is also incorporated by reference herein in its entirety. 



The examples below ^re carried out using standard techniques which are well knewn and routine to those of skill 
in the art ^xroH w ki e rr o: K c r v.oc ccscr.ccd .,n deicm Trie examples are illustrative, but do not limit the invention. 



The polynucleotide having the DNA sequence given in SEQ ID NO 1 was obtained from a library of clones of 
chromosomal DNA of Strept ococcus pneumoniae in E coli The sequencing data from two or more clones containing 
overlapping Streptococcus pneumoniae DNAs was used to construct the contiguous DNA sequence in SEQ ID NO:1 
Librar es may be prepared by rcutme methods fcr example 

Methods 1 and 2 below 

Total cellular DNA is isolated f rorr Streptococcus pneumoniae 0100993 according to standard procedures and 
si/e-fracticnated by either of two methods 



Total cellular DNA is mechanically sneared by passage through a needle in order to size-f ractionate according to 
standard procedures CNA fragments of up to 1 1 kbp in size are rendered blunt by treatment with exonuclease and 
DNA polymerase and EccRI linkers added Fragments are hgated into the vector Lambda Zapll that has been cut with 
EcoRI the library packaged by standard procedures and E coli infected with the packaged library The library is am- 
plified by standard procedures 



EXAMPLES 



Example 1 



Strain selection. Library Production and Sequencing 



Method 1 
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Method 2 

Total cellular DNA is partially hydrolyzed with a one or a combination of restriction enzymes appropriate to generate 
Total cellular usna is paiLiduy.iy y rt>fnn Dca i p 3 ii Alul Bsh1235l) and such fragments are size- 

a series of fragments for cloning into library vectors (e.g., RsaL Pal I Alu ^m^i >■ fraqm ents then ligated 

infected with the packaged library. The library is amplified by standard procedures. 
Example 2 argS Characterization 

ender R & Berg P, 1966, Biochemistry, 5, 1681-1690). 
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SEQUENCE LISTING 

' 1 : GENERAL INFORMATION 
(i) APPLICANT: Lawlor, Elizabeth 
(11) TITLE OF THE INVENTION: Novel argS 
(ill) NUMBER OF SEQUENCES: 4 

(iv) CORRESPONDENCE ADDRESS 
(A) ADDRESSEE : SmithKlir.e 
(3) STREET : 709 Swedeland 

(C) CITY: King of Prussia 

(D) STATE: PA 

( E ) COUNTRY: USA 
- (F) ZIP: 19406-0939 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ for Windows Version 2.0 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 12-SEP-1997 

(C) CLASSIFICATION : 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 9619071.5 

(B) FILING DATE: 12 -SEP-1996 

( vi i i ) ATTORNEY / AGENT INFORMATION : 

(A) NAME: Gimmi, Edward R 

(B) REGISTRATION NUMBER: 38,891 

(C) REFERENCE / DOCKET NUMBER : P31625 

< IX ) TELECOMMUNICATION INFORMATION : 
(A) TELEPHONE : 610-270-4478 
( 3 ) TELEFAX : 610-27 0-509C 
(C) TELEX: 



Beecham Corporation 
Road 



23 



EP 0 835 936 A2 



(2) INFORMATION FOR SEQ ID NO : 1 : 

5 (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1692 base pairs 
{3} TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
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ATGAATACAA 


AAGGATTGAT 


TGCTAGCGAA 


TTGGTTAGCA 


TCATTGATAG 


CATGGACCAA 


60 


GAGGTAATTT 


TAAAGTTACT 


GGAAACCCCT 


AAAAACTCAG 


AAATGGGGGA 


CATCGCTTTC 


120 


CCTGCTTTTT 


CTCTTGCCAA 


AGTCGAACGT 


AAAGCACCAC 


AAATGATTGC 


GGCTAAACTG 


180 


GCTGAAAAAA 


TGAACAGCCA 


AGCCTTTGAA 


AAAGTTGTCG 


CAACAGGACC 


TTACGTTAAC 


240 


TTTTTCCTTG 


AT AAATC TGC 


CATTTCTGCT 


CAAGTATTGC 


AAGCTGTTAC 


CACTGAAAAA 


300 


GAACACTATG 


CTGACCAAAA 


TATTGGTAAA 


CAAGAAAATG 


TTGTTATCGA 


CATGTCTAGT 


360 


CCGAATATCG 


CTAAACCATT 


TTTTATTGGC 


CACCTGCGTT 


CAACTGTTAT 


C GG AG AT AG C 


420 


TTGTCACATA 


TTTTCCAAAA 


AATCGGTTAT 


CAAACGGTCA 


AGGTCAACCA 


TTTGGGAGAC 


480 


TGGGGTAAAC 


AATTTGGGAT 


GTTGATTGTT 


GCCTACAAAA 


AATGGGGCGA 


CGAAGAAGCT 


540 


GTAAAAGCTC 


ATCCAATCGA 


TGAACTCCTT 


AAACTCTATG 


TCCGCATCAA 


CGCTGAAGCT 


c n n 


G AAAATG AC C 


CTAGCTTGGA 


TTANGAAGCG 


CGCGAATGGT 


TCCGTAAACT 


TGAAAATGGA 


6 60 


GATGAGGAAG 


CTCTCGCTCT 


TTGGCAATGG 


TTCCGCGATG 


AAAGTTTAGT 


GGAATTTAAC 


720 


CGCCTTTACA 


ATGAATTGAA 


GGTTGAATTT 


GACAGCTATA 


ACGGAGAAGC 


CTTCTACAAT 


780 


GATAAGATGG 


ATGCAGTTGT 


AGACATTCTT 


TCTGAAAAAG 


GACTACTTCT 


TGAATCAGAA 


340 


GGTGCCCAAG 


TTGTCAATCT 


TGAGAAATAC 


GGAATTGAAC 


ATCCAGCTCT 


CATCAAGAAA 


900 


TCTGATGGTG 


CAACTCTCTA 


TATCACACGT 


GACTTGGCTG 


CAGCCCTTTA 


CCGTAAAAAC 


960 


GAATACGAAT 


TTGCT AAATC 


TATCTATGTC 


GTTGGTCAAG 


AACAATCTGC 


CCACTTTAAA 


1020 


CAGCTCAAAG 


CTGTCTTGCA 


AGAGATGGGC 


TACGACTGGA 


GTGACGACAT 


TACTCACGTT 


1080 


CCTTTTGGTT 


TGGTTACAAA 


AGAAGGGAAG 


AAACTCTCTA 


CTCGTAAAGG 


GAATGTCATC 


1140 


TTGCTAGAGC 


CTACTGTTGC 


AGAGGCTGTT 


AGCCGTGCCA 


AGGTCCAAAT 


CGAGGCTAAA 


1200 


AATCCTGAAC 


TAGAAAACAA 


AGACCAAGTA 


GCACATGCTG 


TTGGGGTTGG 


AGCCATTAAA 


1260 


TTCTATGACC 


TCAAAACCGA 


CCGTACAAAT 


GGATACGACT 


TCGACCTAGA 


GGCTATGGTA 


1320 


TCCTTCGAGG 


GTGAAACTGG 


ACCTTACGTT 


CAATATGCCT 


ACGCTCGTAT 


CCAATCTATC 


1380 


TTACGCAAAG 


CCGATTTCAA 


ACCAGAAACA 


GCTGGCAACT 


ATAGCTTGAA 


TGATACTGAA 


1440 


AGCTGGGAAA 


TCATTAAACT 


CATTCAAGAC 


TTCCCACGTA 


TTATCAACCG 


TGCGGCAGAT 


1500 


AACTTTGAAC 


CTTCTATCAT 


TGCTAAATTT 


GCAATTAGCC 


TAGCTCAATC 


CTTTAACAAA 


1560 


TACTATGCAC 


ATACACGTAT 


CTTGGATGAA 


AGCCCAGAAC 


GCGACAGCCG 


TCTAGCCCTC 


1620 


AGCTACGCAA 


CCGCAGTCGT 


TCTCAAAGAA 


GCCCTTCGCT 


TGCTTGGAGT 


AGAAGCGCCA 


1680 


GAGAAGATGT 


AA 










1692 
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(2) INFORMATION FOR SEQ ID NO : 2 : 
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<: i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 6 3 ammo acids 
O) TYPE: amino acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

fii) MOLECULE TYPE: protein 

(xx) SEQUENCE DESCRIPTION; SEQ ID NO : 2 



Met Asn Thr Lys Gly Leu He Ala Ser Glu Leu Val Ser He He Asp 

15 10 15 

Ser Mel Asp Gin Glu Val lie Leu Lys Leu Leu Glu Thr Pro Lys Asn 
20 2 0 2 5 3 0 

Ser Glu Met Gly Asp He Ala Phe Pro Ala Phe Ser Leu Ala Lys Val 

35 40 45 

Glu Arg Lys Ala Pro Gin Met He Ala Ala Lys Leu Ala Glu Lys Met 
25 SO 5 5 6 0 

Asn Ser Gin Ala Phe Glu Lys Val Val Ala Thr Gly Pro Tyr Val Asn 
65 "?Q 75 80 

Phe Phe Leu Asp Lys Ser Ala He Ser Ala Gin Val Leu Gin Ala Val 
JO 35 90 95 

Thr Thr Glu Lys Glu His Tyr Ala Asp Gin Asn He Gly Lys Gin Glu 

100 105 110 

Asn Val Val He Asp Met Ser Ser Pro Asn He Ala Lys Pro Phe Phe 
35 115 120 125 

He Gly His Leu Arg Ser Thr Val He Gly Asp Ser Leu Ser His He 

13 0 13 5 14 0 

Phe Gin Lys He Gly Tyr Gin Thr Val Lys Val Asn His Leu Gly Asp 
40 i45 15C 155 160 

Trp Gly Lys Gin Phe Gly Met Leu He Val Ala Tyr Lys Lys Trp Gly 

165 170 175 

Asp Glu Glu Ala Val Lys Ala His Pro He Asp Glu Leu Leu Lys Leu 
45 ISO 165 190 

Tyr Val Arg He Asn Ala Glu Ala Glu Asn Asp Pro Ser Leu Asp Xaa 

195 200 205 

Glu Ala Arg Glu Trp Phe Arg Lys Leu Glu Asn Gly Asp Glu Glu Ala 

2 1-' 2 15 22 3 

Leu Ala Leu Trp Gin Trp Phe Arg Asp Glu Ser Leu Val Glu Phe Asn 
225 230 235 240 

Arg Leu Tyr Asn Glu Leu Lys Val Glu Phe Asp Ser Tyr Asn Gly Glu 
55 245 250 255 
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Ala Phe Tyr Asn Asp Lys Met: Asp Ala Val Val Asp He Leu Ser Glu 

260 265 270 

Lys Gly Leu Leu Leu Glu Ser Glu Gly Ala Gin Val Val Asn Leu Glu 

275 280 285 

Lys Tyr Gly He Glu His Pro Ala Leu He Lys Lys Ser Asp Gly Ala 

290 295 30C 

Thr Leu Tyr He Thr Arg Asp Leu Ala Ala Ala Leu Tyr Arg Lys Asn 
305 310 315 320 

Glu Tyr Glu Phe Ala Lys Ser He Tyr Val Val Gly Gin Glu Gin Ser 

325 330 335 

Ala His Phe Lys Gin Leu Lys Ala Val Leu Gin Glu Met Gly Tyr Asp 

340 345 350 

Trp Ser Asp Asp He Thr His Val Pro Phe Gly Leu Val Thr Lys Glu 

355 360 365 

Gly Lys Lys Leu Ser Thr Arg Lys Gly Asn Val He Leu Leu Glu Pro 

370 375 380 

Thr Val Ala Glu Ala val Ser Arg Ala Lys Val Gin He Glu Ala Lys 
385 " 390 395 400 

Asn Pro Glu Leu Glu Asn Lys Asp Gin Val Ala His Ala Val Gly Val 

405 410 415 

Gly Ala He Lys Phe Tyr Asp Leu Lys Thr Asp Arg Thr Asn Gly Tyr 

420 425 4 30 

Asp Phe Asp Leu Glu Ala Met Val Ser Phe Glu Gly Glu Thr Gly Pro 

435 440 445 

Tyr Val Gin Tyr Ala Tyr Ala Arg He Gin Ser He Leu Arg Lys Ala 

450 455 460 

Asp Phe Lys Pro Glu Thr Ala Gly Asn Tyr Ser Leu Asn Asp Thr Glu 
465 470 475 480 

Ser Trp Glu He He Lys Leu He Gin Asp Phe Pro Arg He He Asn 

485 490 495 

Arg Ala Ala Asp Asn Phe Glu Pro Ser He He Ala Lys Phe Ala lie 

500 505 510 

Ser Leu Ala Gin Ser Phe Asn Lys Tyr Tyr Ala His Thr Arg He Leu 

515 520 525 

Asp Glu Ser Pro Glu Arg Asp Ser Arg Leu Ala Leu Ser Tyr Ala Thr 

530 535 540 

Ala Val Val Leu Lys Glu Ala Leu Arg Leu Leu Gly Val Glu Ala Pro 
545 550 555 560 

Glu Lys Met 



(2) INFORMATION FOR SEQ ID NO : 3 : 



(i) SEQUENCE CHARACTERISTICS: 
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', A 


; LENGTH : 1 


462 base pa 


i rs 










; TYPE • n^<- 












Z 


> STPANOEDN 


nSS: single 












* TOPOLOGY : 


linear 












MOLECULE T 


Y PE : Genomi 


c DNA 








[ XI i 


SEQUENCE D 


E3CRIPTION : 


SEO 12) NO: 


i . 






TTACGTTAAC 


TTTT7CCTTG 


ATAAATCTGC 


^ r*t r*irr> ^ m ^ ^ rp 


CAAGTATTGC 


AAGCTGTTAC 


6 G 


CACTGAAAAA 


GAACACTATG 


CTGACCAAAA 


TATTGGTAAA 


CAAGAAAATG 


TTGTTATCGA 


1 G 


CATGTCTAGT 


CCGAATATCG 


CTAAACCATT 


TTTTATTGGC 


CACCTGCGTT 


CAACTGTTAT 


180 


CGGAGATAGC 


TTGTCACATA 


TTTTCCAAAA 


AATCGGTTAT 


CAAACGGTCA 


AGGTCAACCA 


240 


TTTGGGAGAC 


TGGGGTAAAO 




GTTGAI i\jTT 


GCCTACAAAA 


AATGGGGCGA 


300 


CGAAGAAGCT 


GTAAAAGCTC 


ATCCAATCGA 


TGAACTCCTT 


AAACTCTATG 


TCCGCATCAA 


360 


CGCTGAAGCT 


GAAAATGACC 


CTAGCTTGGA 


TTANGAAGCG 


CGCGAATGGT 


TCCGTAAACT 


420 


TGAAAATGGA 


GATGAGGAAG 


CTCTCGCTCT 


TTGGCAATGG 


TTCCGCGATG 


AAAGTTTAGT 


480 


GG AATTTAAC 


CGCCTTTACA 


ATGAATTGAA 


GGTTGAATTT 


GACAGCTATA 


ACGGAGAAGC 


540 


CTTCTACAAT 


GATAAGATGG 


ATGCAGTTGT 


AGACATTCTT 


TCTGAAAAAG 


GACTACTTCT 


600 


TGAATCAGAA 


GGTGCCCAAG 


TTGTCAATCT 


TGAGAAATAC 


GGAATTGAAC 


ATCCAGCTCT 


660 


CATCAAGAAA 


TCTGATGGTG 


CAACTCTCTA 


TATCACACGT 


GACTTGGCTG 


CAGCCCTTTA 


720 


CCGTAAAAAC 


GAATACGAAT 


TTGCTAAATC 


TATCTATGTC 


GTTGGTCAAG 


AACAATCTGC 


780 


CCACTTTAAA 


CAGCTCAAAG 


CTGTCTTGCA 


AGAGATGGGC 


TACGACTGGA 


GTGACGACAT 


840 


TACTCACGTT 


CCTTTTGGTT 


TGGTTACAAA 


AGAAGGGAAG 


AAACTCTCTA 


CTCGTAAAGG 


9C0 


GAATGTCATC 


TTGCTAGAGC 


CTACTGTTGC 


AGAGGCTGTT 


AGCCGTGCCA 


AGGTCCAAAT 


960 


CGAGGC T AAA 


AATCCTGAAC 


TAGAAAACAA 


AG AC 2 AAGTA 


GCACATGCTG 


TTGGGGTTGG 


1020 


AGCCATTAAA 


TTCTATGACC 


TCAAAACCGA 


CCGTACAAAT 


GG AT ACG ACT 


TCGACCTAGA 


1080 


GGC T ATGGT A 


TCCTTCGAGG 


GTGAAACTGG 


ACCTTACGTT 


CAATATGCCT 


ACGCTCGTAT 


114 0 


CCAATCTATC 


TTACGCAAAG 


CCGATTTCAA 


ACCAGAAACA 


GCTGGCAACT 


ATAGCTTGAA 


1 n p o 


TGATACTGAA 


AGCTGGGAAA 


TCATTAAACT 


CATTCAAGAC 


TTCCCACGTA 


TTATCAACCG 


12 60 


TGCGGCAGAT 


AACTTTGAAC 


CTTCTATCAT 


TGCTAAATTT 


GC AATT AGC C 


TAGCTCAATC 


1320 


CTTCAACAAA 


TACTATGCAC 


ATACACGTAT 


CTTGGATGAA 


AGCCCAGAAC 


GCGACAGCCG 


1380 


TCTAGCCCTC 


AGCTACGCAA 


CCGCAGTCGT 


TCTCAAAGAA 


GCCCTTCGCT 


TGCTTGGAGT 


1440 


AGAAGCGCCA 


GAGAAGATGT 


AA 








1462 


(2 


) INFORMATION FOR SEQ 


ID NO : 4 : 








( i. ) S 


EQUENCE CHA 


rACTERISTICS : 








f A i 


LENGTH : 4 3 t ami no ac; 


CIS 








< B 1 


TYPE : amine acid 










(C) 


STKANDEENE 


S3 : single 












TOPOLOGY : 


1 mean 











;n) MOLECULE TYPE : protein 
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(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

Tvr Val Asn Phe Phe Leu Asp Lys Ser Ala lie Ser Ala Gin Val Leu 

5 10 15 

G*n Ala Val Thr Thr Giu Lys Glu His Tyr Ala Asp Gin Asn He Gly 

20 25 30 

Lys Gin Glu Asn Val Val He Asp Met Ser Ser Pro Asn He Ala Lys 



35 



40 45 



Pro Phe Phe He Gly His Leu Arg Ser Thr Val He Gly Asp Ser Leu 

50 55 60 

Ser His He Phe Gin Lys He Gly Tyr Gin Thr Val Lys Val Asn His 
65 

Leu Gly Asp Trp Gly Lys Gin Phe Gly Met Leu He Val Ala Tyr Lys 

85 90 95 

Lys Trp Gly Asp Glu Glu Ala Val Lys Ala His Pro He Asp Glu Leu 

100 105 110 

Leu Lys Leu Tyr Val Arg He Asn Ala Glu Ala Glu Asn Asp Pro Ser 

H5 120 125 

Leu Asp Xaa Glu Ala Arg Glu Trp Phe Arg Lys Leu Glu Asn Gly Asp 

130 135 I* 0 

Glu Glu Ala Leu Ala Leu Trp Gin Trp Phe Arg Asp Glu Ser Leu Val 

iqi 155 I 60 

X45 150 J- 331 

Glu Phe Asn Arg Leu Tyr Asn Glu Leu Lys Val Glu Phe Asp Ser Tyr 

165 170 175 

Asn Gly Glu Ala Phe Tyr Asn Asp Lys Met Asp Ala Val Val Asp He 

180 185 190 

Leu Ser Glu Lys Gly Leu Leu Leu Glu Ser Glu Gly Ala Gin Val Val 

X95 200 205 

Asn Leu Glu Lys Tyr Gly He Glu His Pro Ala Leu He Lys Lys Ser 

210 2 15 220 

Asp Gly Ala Thr Leu Tyr He Thr Arg Asp Leu Ala Ala Ala Leu Tyr 
225 "0 235 240 

Arg Lys Asn Glu Tyr Glu Phe Ala Lys Ser He Tyr Val Val Gly Gin 

245 2 50 255 

Glu Gin Ser Ala His Phe Lys Gin Leu Lys Ala Val Leu Gin Glu Met 

260 2 «5 270 

Gly Tyr Asp Trp Ser Asp Asp He Thr His Val Pro Phe Gly Leu Val 

275 280 285 

Thr Lys Glu Gly Lys Lys Leu Ser Thr Arg Lys Gly Asn Val He Leu 

290 2 95 300 

Leu Glu Pro Thr Val Ala Glu Ala Val Ser Arg Ala Lys Val Gin He 
305 310 315 320 
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Glu Ala Lys Asn Pro 3Iu Leu Glu Asr. Lys Asp Gin Val Ala His Ala 
325 330 335 

s Val Gly Val Gly Ala He Lys Phe Tyr Asp Leu Lys Thr Asp Arg Thr 

340 345 350 

Asn Gly Tyr Asp Phe Asp Leu Glu Ala Met Val Ser Phe Glu Gly Glu 
3 5 5 3 6 0 3 6 5 

10 Thr Gly Pro Tyr Val Gin Tyr Ala Tyr Ala Arg He Gin Ser He Leu 

370 3"5 380 

Arg Lys Ala Asp Phe Lys Pro Glu Thr Ala Gly Asn Tyr Ser Leu Asn 
385 390 395 400 

15 Asp Thr Giu Ser Trp Glu He He Lys Leu He Gin Asp Phe Pro Arg 

405 410 415 

He He Asn Arg Ala Ala Asp Asn Phe r^u ^ro Ser He He Ala Lys 
420 425 430 

20 Phe Ala He Ser Leu Ala Gin Ser Phe Asn Lys Tyr Tyr Ala His Thr 

435 440 445 

Arg He Leu Asp Glu Ser Pro Glu Arg Asp Ser Arg Leu Ala Leu Ser 

450" 455 460 

Tyr Ala Thr Ala Val Val Leu Lys Giu Ala Leu Arg Leu Leu Gly Val 
465 470 475 480 

Glu Ala Pro Glu Lys Met 
485 
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3$ Claims 

1. An isolated polynucleotide comprising a polynucleotide sequence selected from the grouo consisting of 

(a) a polynucleotide having at least a 70° o identity to a po-ynucleotide encoding a polypeptide comprising the 
■*c arrrno ac\c sequence of SEQ ID NO 2 

(t ) a polynucleotide having at least a 70° o identity to a polynucleotide encoding the same mature polypeptide 
expressed by the argS gene contained in the Streptococcus pneumoniae of the deposited strain; 
(c ) a pc : ynucieotide encoding a polypeptide comprising an amino acid sequence which is at least 70% identical 
to the ammo acid sequence of SEQ ID NO 2. 

(cJ) a polynucleotide which is complementary to the polynucleotide of (a), (b) or (c): and 

(cj a polynucleotide comprising at least 15 sequential bases of the polynucleotide of (a), (b). (c) or (d) 

2. The polynucleotide of Claim 1 wherein the polynucleotide is DNA 
50 3, The polynucleotide of Claim 1 wherein the polynucleotide is RNA 

4. The polynucleotide of Claim 2 comprising the nucleic acid sequence set forth in SEQ ID NO 1 

5. The polynucleotide of Claim 2 comprising nucleotide 1 to 1689 set forth in SEQ ID NO 1 

6. The polynucleotide of Claim 2 which encodes a polypeptide comprising the amino acid sequence of SEQ ID NO 2 

7. A vector comprising the polynucleotide of Claim 1 
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8. A host eel! comprising the vector of Claim 7 

9. A process for producing a polypeptide comprising: expressing from the host cell of Claim 8 a polypeptide encoded 
by said DNA. 

10. A process for producing a argS polypeptide or fragment comprising culturmg a host of claim 8 under conditions 
sufficient for the production of said polypeptide or fragment. 

11. A polypeptide comprising an ammo acid sequence which is at least 70% identical to the ammo acid sequence of 
w SEQ ID NO:2. 

12. A polypeptide comprising an amino acid sequence as set forth in SEQ ID NO:2. 
1 3. An antibody against the polypeptide of claim 11 . 

1 4. An antagonist which inhibits the activity or expression of the polypeptide of claim 11 

1 5. A method for the treatment of an individual in need of argS polypeptide comprising: administering to the individual 
a therapeutically effective amount of the polypeptide of claim 11. 

16. A method for the treatment of an individual having need to inhibit argS polypeptide comprising: administering to 
the individual a therapeutically effective amount of the antagonist of Claim 14. 

17. A process for diagnosing a disease related to expression or activity of the polypeptide of claim 11 in an individual 

25 comprising: 

(a) determining a nucleic acid sequence encoding said polypeptide., and/or 

(b) analyzing for the presence or amount of said polypeptide in a sample derived from the individual. 

so 18. A method for identifying compounds which interact with and inhibit or activate an activity of the polypeptide of claim 
1 1 comprising: 

contacting a composition comprising the polypeptide with the compound to be screened under conditions to 
permit interaction between the compound and the polypeptide to assess the interaction of a compound, such 
interaction being associated with a second component capable of providing a detectable signal in response 
to the interaction of the polypeptide with the compound; 

and determining whether the compound interacts with and activates or inhibits an activity of the polypeptide 
by detecting the presence or absence of a signal generated from the interaction of the compound with the 
polypeptide. 

19 A method for inducing an immunological response in a mammal which comprises inoculating the mammal with 
argS polypeptide of claim 1 1 , or a fragment or variant thereof, adequate to produce antibody and/or T cell immune 
response to protect said animal from disease. 

45 20 A method of inducing immunological response in a mammal which comprises delivering a nucleic acid vector to 
direct expression of argS polypeptide of claim 1 1 : or fragment or a variant thereof, for expressing said argS polypep- 
tide, or a fragment or a variant thereof in v,vo in order to induce an immunological response to produce antibody 
and/ or T cell immune response to protect said animal from disease. 
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